te, Dolomie, FTIR spectroscopy, UV-spectroscopy
INTRODUCTION
Many studies were carried out to elucidate the presence of different structural units in various borate glasses. Borate rich glasses containing heavy metal oxides have special attention due to their possible applications as laser hosts, lamp phosphors and other photonic devices [1, 2] .
BaO glasses will be a new possibility for a lead-free radiation protecting glass with nontoxicity to our environment. BaO may be suitable for use as appropriate energy such as x-ray or lower energy level. S. Kaewjaeng et al. [3] . Alkali borate glasses containing divalent oxides such as BaO interested scientists as they can be used as solid-state electrolytes in the fabrication of solid-state batteries and various technical and industrial applications [4] [5] . The nonconductor property of borate glasses is transforming to a semiconducting or electronic or ion conducting nature when metal oxides such as alkali and alkaline earth oxides are added to them [6-7-8] . The ratio of NBOs to Bridging oxygens BOs is an important factor determining the physical properties of the glass and of the melt used to produce the glass [9] . In the present paper the structure of 70% H 3 BO 3 +x% BaSO 4 +(30-x) %MgCa(CO 3 ) 2 glasses is investigated with the help of infrared spectra. Since infrared spectroscopy is the very important tool for the study of amorphous materials, we have used this technique to determine the structure of borate glasses containing varying amounts of Mg, Ca, Ba, M (M: metal) carbonates, sulfates, and oxides. Samples of the glass were prepared. All the chemicals were weighed accurately using an digital balance. The chemicals were melted in porcelain crucible at 1200° C in an electrically programmable heated furnace, type-VAF15/10 lenton thermal designs, equipped with an automatic temperature controller. The molten materials quenched in the air and poured at room temperature.
EXPERIMENTAL TECHNIQUES

Samples and Treatments
Glasses of different compositions in the system [70% H 3 BO 3 + x%BaSO 4 (byrite) +(30-x) %MgCa(CO 3 ) 2 (dolomite)] where x = 0,5, 10 and 15 are fabricated by the melt quenching technique. The samples are melted in a porcelain crucible at 1473 Kfor 1.5 h in an electric muffle furnace (LENTON). A pair of copper blocks is used to quench the glass samples. All the chemicals are weighed accurately using an digital balance; the used raw materials are all of chemically pure grade (H 3 BO 3 ).Dolomite is extracted from the Jebel Taioualet deposit located in the commune of Ouled Hamla (Wilaya of Oum El Bouaghi) the Algerian SPA operated by a subsidiary of the public group ENOF. This mineral is treated in the Ain Mimoun processing unit in the province of Khenchela. The production of barite in Algeria is done by two (2) mining operators: i) the SPA-SOMIBAR subsidiary of ENOF public group, which run two deposits, one of Mizab in the town of Tamza (W. Khenchela) and that of Boucaid (Tissemsilt province) and ii) the private company named SARL SOBAR. In our work we used the barite which is produced in Khenchela.
Characterization of Samples
All the samples are then characterized using both XRD, SEM observations and qualitative analysis, FTIR spectroscopy and UV spectroscopy.
-X-ray diffraction analysisis performed with a PANalytical X'Pert ProMRD diffractometer with CuKa radiation (λ=0.15418 nm). Data are collected with steps of 0.021° (2θ).
-Scanning electron microscope (SEM) images are taken on a field emission scanning microscope (JEOL 7500-F). spectrophotometer in the 190-1100 nm spectral range.
-The density of the glass samples is measured using the Archimedes principle. The measurements are done using a digital balance and toluene as an inert immersion liquid.
RESULTS AND DISCUSSION
elements Ba, Ca, Mg, and O is detected. ………………….. This barite also contains a small amount of silicates and carbonates revealed by the weak bands at 1040, 799, 525, and 462 cm -1 [11] .
The carbonates are also revealed at 880-1417 cm -1 [13] . Figure 4 shows the XRD pattern of the investigated glass samples containing raw materials.
This figure presents the XRD pattern of the sample containing 0 to 15% BaSO 4 which is typical for all samples (samples are designated G0, G5, G10, and G15, respectively). XRD patterns of all the as-prepared samples show no sharp Bragg's peak, but only a broad diffuse hump around the low angle region (15-35 degrees) . This is a clear indication of amorphous nature within the resolution limit of XRD instrument. Furthermore, from figure 4 we can see the sample containing 60%B 2 O 3 and an equal amount of barite and dolomite in crystalline form. May be more energy is needed to form the glass. (2) The broad band between 800 and 1200 cm-1 and this is due to the B-O bond stretching of the tetrahedral BO 4 units (in triborate, tetraborate and pentaborate groups) [29] [30] [31] [32] [33] .
(3) The broad band which occur between 1200-1600 cm-1 is due to the asymmetric stretching relaxation of the B-O band of the trigonal BO 3 units [34] [35] [36] [37] [38] .
The BO3 and BO4 groups act as network structural groups
The FTIR analysis of the samples revealed that the network structure of the prepared samples is mainly based on the BO 3 and BO 4 units. The bands are broad confirming the amorphous nature of the studied glasses. The samples measured at DTA as viewed in figure 7 . Where the glass transition (Tg) is calculated and tabulated in Table 4 . 
UV Spectroscopy (UV) Results
The optical transmittance spectra of the glass samples recorded in the wavelength region 200-1100 nm in the room temperature are shown in figure 8 . From these transmittance spectra cutoff wavelength of (BaSO 4 free) sample is found to be 370 nm (3.35 eV). With the increasing concentration of barite in the host glass the absorption edge exhibited spectrally red shift found to be 381 nm (3.25 eV) for the sample containing 5 mol% BaSO 4 , 385 nm (3.22 eV) for the sample containing 10 mol%, and 400 nm (3.09 eV) for the sample containing 15 mol%) as shown in figure 8 . The observed enormous rise in the cut-off wavelength from 0 to 15 mol% The optical band gap (the energy gap between the valence and the conduction bands) of the amorphous system can be obtained from plotting the relation between (αhʋ) 1/n (α is the absorption coefficient) and the incident photon energy (hʋ) as given by the equation [52, 53] .
where α(ʋ) is the absorption coefficient, α o is constant, n is constant depending on the mechanism of electron transition (direct transition or indirect transition) and depending on whether the transition is allowed or forbidden [54, 55] . The values of n for direct allowed, indirect allowed and direct forbidden transitions are n= 1/2, 2, and 3/2, respectively [56] . The value of E opt and n can be determined by drawing a relation between (αhʋ) 1/n and hʋ as shown in figure 9 . From figure 9, we can find that the n equal 1/2, which is the trait behavior of the direct allowed transition in all the studied samples. The relation between E opt and BaSO 4 content is shown in Fig. 10 . From Fig. 10 , we can see that the optical gap decreases with the increasing BaSO 4 content in the glass samples. The decrease in E opt with increasing BaSO 4 content in the glass samples could be related to the change in the bridging oxygen BO to the non-bridging oxygen NBO (good agreement with results of infrared), which the bridging oxygen binds energized electrons more firmly than the non-bridging oxygen [56] . In glasses, the negative charge on the NBOs is larger than that on the bridging oxygen. Increasing the iconicity of oxygen ions by converting them from BO to NBO ions decreases the band gap energy E opt . The concentration of NBOs in the the glass matrix is higher [57, 58] . This caused an increase in the degree of localization of electrons, thereby increasing the donor centers in the glass matrix and decreases of the optical band gap. Density of glass, in general, is explained in terms of a competition between the masses and size of the various structural groups present in glass. Accordingly, the density is related to how tightly the ions and ionic groups are packed together in the structure . Glass density measurements were made at room temperature using the standard "Archimedes The density is calculated from the formula:
Where, is the density of glasses a is the weight of the sample in air, b is the weight of the sample in toluene, and 0.866 is the density of toluene. The density measurement is considered to be a very important tool to detect the structural changes in the glass network. The increase in density is attributed to the change from BO 3 group to BO 4 group. Theoretically calculated densities were calculated using the relation:
Where xi and ρi are the molar fraction and density of each component, respectively. The corresponding molar volume (V mcalc ) was calculated using the relation:
Where M W is the total molecular weight of the multi-component glass system, and ρ is the density. 
